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(57) Abstract: 

PROBLEM TO BE SOLVED: To form a conductive thin film exhibiting 
a high surface flatness, which can control stress of a 
ferroelectric thin film, especially a PZT thin film exhibiting 
a high surface flatness and an enough selfpolarization which 
is to be formed on a Si single crystal substrate. 
SOLUTION: A film structure is comprised of a substrate having 
a Si 100 on its surface and an oxide conductive thin film formed 
on the substrate. The oxide conductive thin film is an epitaxial 
film, whose major constituent is strontium lutenite. At least 
80% of the surface of the oxide conductive thin film exhibits 
10 nm or less of average roughness Rz of 10 points in a reference 
length of 500 nm. A ferroelectric thin film of zircon titanium 
or so is formed on the oxide conductive thin film. 
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(54) BMI©*W] S**S6#, a^n-^X, ffifiHSt^irffliMfclfc^mttWSoSift^^ 



(57) [gjfft] 

si (i o o) mtztmizfi-tziSsitiL 
zsmttSfKrogBo^^ <H8o $ 5 o 



1 

[4MH»3fc<BttHl 

[IS*^1] Si (1 0 0) ffiSrXIEKW-fSSS 

ffiE8MbttW«tt*BM s * ;^=!>AB^hPyf?A 

m*l^«®^ / >4< H80 5 0 0 

OninW+W^a^fRz^l OnmfiJLTT&SfllflliS 

J:tfO£r£*rU Hff^^SJDR^tfcS r/Ru«rF 

(Sr/Ru) £ L/ci:^^ 

F(Sr/Ru) =0. 9 1 —0. 9 7 

IB** 3 ] XC 1 IMbft WmttWR £ olBfcTJM* 

*U jE*ft"C*>5t*tt (0 0 1) KfRjT'fo 9 , 

sc**-c*>st#tt (ioo) m— Efa-c*>*R#*i 
j*» * -r 5 ts*3S 3 commmft . 

[«t 5 ] £fi 4: tt^bttff SttJVK i <^ RS * n ft 

*fcfi*±SS5G* (S c*3J:tfY«:<a-tf) t-<t*?^^b 

Sixfc«^b^= = !>A*±dc»^u, 
«ii?«)5t*i4 (ooi) m-IBft-efc9, 

(ioo) RGi-e&s»#*i~4©v* 

[«f 8 ] R#*B l - 7 *n vf n*^K*3S*«:* 
[R*S 9 ] It** l - 7 <D^m*><Z>R«i6f*Sr*r 
[R*Sl 0] £*>S rjSjtfRuarStfBMb 

JR*5*tfRuAJB*:JflV\ M{btt#^*:JlffiWrtl-WA 

limits r/Ru*E(Sr/Ru) <tLfc^#, 
E(Sr/Ru) = 0. 75 — 0. 95 
i i- 5 1Mb W**tt*R<&«»**. 
[R*Il 1 1 g«Ot&&&8 0 0-1 1 0 0ti:l 

TaR»feff5w*5ii o ©»{b»*mtt*»^«3S* 

fee 

i 2 ] it** i - 7 w-rtifrnmmmfto 



(2) 1 - 2 6 2 9 6 

2 

[»W©IMllfcIMJ] 
[ 0 0 0 1 ] 

t^^!J s SWMft-feViK s>?\ OE 

70 IC Ofc • S^^SIhISS : opto-electronic integrated 
circuits ) §<D#i®^^^, *>5tMi, A FM 

[0 0 0 2] 

mmm, r*{mk« mwmt:^ «BHbufc« 

20 itkm&mftk<Ol&fr&t>l£-e&. SQUID, i^s-fe 

*ft^t>*-eii, *«*G>S6>l::ifi&v*LS I , SOIS 
«IU5R«#»1LSI, 

[0 0 0 3] rnfeom^x'M^ic&^-c, SiSftx 

<DjjKU>fc«>, A#ft^/M * »tt L 

[0 0 0 4] Lfc^ot, i6¥, ±&LfcJ5JS£i«>£: 

tf, J. A. P. 76(12), 15, 7833(1994) \ZVS. S MgOlglC 

[0 0 0 5] fcffU ^(Of/M 
40 12. *W*fc3i««»4:«)*a{b«rprffi^i-5^S* $ *> 

fcj&s, MgOlS$:S i ^M**K:3lfl^iMfw irttffi 
ibrSIII"efe5o L**U Si (10 0) SS±t^fs 
tO|$?/j:B a T i Oa (001) si— erpjJBSrjerici- 
S i *»*S«±^*-iarfiiaiR«ft:JIKS:JB 

li H 4#^2p 8 - 2 1 7 8 8 4 *»IC*51^T S i 

[0 0 0 6] L^L. S i StE±«cjgfiR*nfcSSR«ff 
50 »H©»tt(i, 3SR«»**o»tt3&*b3lffl*ix 
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3 

i^lgtfcSo s i 3KE±(c45V^raWMbUfc»«([; 

[0 0 0 7] «;itf* ±IBJ. A. P. 76(12), 15, 7833(1994) 
-^A. P. L 59(20), 11, 2524(1 991 S i )ft£A£tKT 

144 < Mg 0*8MS«r«v*»*l!:ov^-Cttfc5 

[0 0 0 8] BlR«#:tLr#*UV^ttSr 
t>ot>0>(C, PbTiOa, PLT (LattPbTi 
03) , PZT (PbZr03-PbTiO3@gfls) , 
PLZT (LaSlBPbZrOa-PbTiOaffig*) 

Steds Coo i] *ift*an\ 3»R«»tt«>^-ett (0 

0 1) *-iBfillB|-CfcSrt30S»*LV^ Ld»U 
W#fe<DW*l-J:nfi, S i *JBftX«±*cPb*3SR 
«#»R*r»riW-5fc, (0 0 1) KIrI«4 4: (10 
0) IBlRlttftirdsaftLfcK^-fvWatds^fiRSn^l- 

-*>«aa 5 &i:fc **>»&tc:iissR«fM* 

»i LT*ffl*ixrv^PZT»JKT?fc. 

tftistTi/Zr (JS^Jt) 

lafpJ^t-r^r tiS«i?>THIBI"T?*>ofco 

[0 0 0 9] Si JMSAS«±IC P b 3R»R«ff 

*t-J:-5i:%xe>tL5o BTF^ttWT?!** PblM 
*i LTPZT*r«fc#f:fS. 
[0010] Si^it/MgOm^tiPZTiH 

SM^«*tf^£v^ Wfc, S i 0KMBiRffKn2. 
6 x i o- 6 /*C-C*>?K MgOoHMB!S«» (14X1 

*T»»-r5iaa-epzT»B©iRtt«rs ixs^pi« 



(3) WBBVl 1 -2 6 2 9 6 

it, PZTti (ooi) Gffl»A£ (ioo) 

S£%;t£>Jx*o (0 0 1) m-lS^Kt 

ftofctLTt, PZT»Rrt^tt**tt3loaOJE* 
ds#aE-rSiilc45fc«), (OOi)garfiJi: (10 
0) Elfti:^a«ELTV^5BlJ:0t>SllR«(W»tt3ftSfi:< 

70 [00 11] ^r^-C^^ «;itfAppl. Phys. Lett. 
68, 2358 (1996)l^£ix££ 9i-> A FM OS^IH* 
Kflfctt) ^n-^(cJ:OSIlR***:»«R|K**rW 

[0 0 12] KRttfrft* fcilt^ME^S^ 
SftRfcfMrJai^S*^ AFM^n 

20 twtt, sftRttttoswajR:* 

[0 0 13] AFM^STMIi, JB^^^W^WtS* 
ftio SH»«*tt»*Kea**100nsaTi: 

iSii-efoi?, a»oE«*5> hfc10nm*«T©^S"CJ8JS: 

[0 0 14] ±E<0,fc5 4* AFM^fcliSTM^^y 

50 ±t£, #»*OSftR«fl:Jli«*?B*Lfct<03ft5fflv^n 
r#fc 0 *tt*»R«*»R(cJ:6«*ti:*3V^T(i, & 

[0 0 1 5] AFM^tllSTM^^y-l^it^^u 

* y — K«ciw«>-^-y ^ — ^— ?-x*<n 
So Bt^WL<o|S(-, Eft*** h 

mwths S^tt, K^-fv, h7y^**iS«Wr 

-^-y ^— ^— "C*S— ft*B*r*"*"SStft 
50 [0 0 16] spfitt(7)Kv^E»ttt**rSiai"Sfc«)^ 
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[0017] £ fete, ±iELfci 51-, 

Slffl-h, S i «R±WBj££n5ifc 
SM S *>!K JC** K*>f >Jgj**iffcJ; 9, &B 

StfflW4*«-Cfc5 S i X«-b"CjiaL*ltttrtftbft 
[0 0 18] fc*5, P t]6»bttSW«tt»B[±{c3aR« 
4 5 6 4 2#I^HI^**XTV^So L^U P t 5WR±fc: 

[0 0 19] 

[»W^«P»LJ:5i:-*-5«iJB] -hELfcJ;5fc:* Si 
WltAX«J:^ttft*f««K. »l:PZTWWr»*t 

U +»4e*»tt«Sr»Sr.i*sx-#4v^. s 
[0020] ^r-e, **W"C«i, s i 4USA£4K± 

»K*r»dl'r«^i*Itti:-rs. *»#-e*>SS i * 
tf;*^*^ OE I C*if©#a»iff^iaffli-SBSi 

[0 0 2 1 ] 

[IWB*#*i-*fc*«o#«] TIB 
(1) - (12) 0*«WicJ;9Sj£$ft5 0 

(i) si (ioo) ffizmmiz^'tzmtet. z<d 



(4) «H¥l 1 -2 6 2 9 6 

6 

5 0 0 OnmTCD+^i^a^R z l Onrn^Tt* 

(2) 1HrEIMfc*«ttttlVB»:« Sr. Ru*5<fctfO 

K+WSttSISmfcS r/Ru$rF(Sr/Ru) 

70 F(Sr/Ru) = 0. 9 1—0. 97 

-e*>5±E (l) oKttitfk 

( 3 ) KK t Ifttttt WttttftK ©IB fcTtt*Bt*: W 

E*4"C*>St*li (0 0 1) E|p]"C*>!9, 
-?fc5£#fl (10 0) ^-1B^-Cfc5±l5 (l) *fc 
(1 (2) ©BiWigfo, 

(4) <ffll2Tift»l«as, W^J?ASri«»t 

-T5±ta (3) ^Bmsfh 

©BMb^ n ^ ■> j» mmmtK Miki?^ « * * * fci* 

(0 0 1) m— ElflJ-CfcO, 
#H (10 0) *-ia^T*fcS±IE (1) - (4) <?H> 

( 6 ) mtmmmmm±\zmmmimm*:m'r&± 

E (1) - (5) <D^-rtifr<DBm&». 

( 7 ) «fES*»««ci»IK36S^3 ^»»3&>fc* 
50 &ZtlZ>±& (6) rolffllfc 

(8) ±E <l) - (7) ov^tt3a»oBH»3tfr*# 

(9) ±E <l) - (7) ov^-rtL3&»OBI«3S«:«:* 

(10) *4<ttS r;|3j;tfRu**tflWfctoa»fe 

40 S r/Ru^E(Sr/Ru) i: Lfc£#* 
E(Sr/Ru) = 0. 7 5 — 0. 9 5 

(11) SS^S*8 00-1 1 0 0t:i: LtSf 
^rtT5±E (10) <0ltfc«**tt«K0ttitt*&. 

(12) ±E (1) ^ (7) OV^1"il3&»©K1»aftff<0 
«aSf-3iffl*ns±E (1 0) titzft (11) coK{b«i 

[0 0 2 2] 

50 ^fflttdSS»<c»{t«W«tt»K*s»rit-e#5. 



-4- 
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7 

ns^^^^v't^itMitrosgfBft^^, mz 
^mmwMm^h^^^mm^th^ (oon 

[oo2 3] mfa#)*i,m&±xfn%i7 i -*^m'5 io 
*%w<nftm&£i*®mz^xttmz&'<z>o 
p b^&Rm#t-o^Tsi&ffc%££-r5± 

fe5PbT i 03«r«*c*(fTlftMi-5i s , ftilOPb^ 

So 

[0 0 2 4] *i\ tttfti:, ^pmfrW^^^* 

ttft&PbT \ Ozk-tZo PbTi03«*tt, IflC 
*3V^a«lO»-?-3t»35SO. 3 9 0 4nnu c HKBteT-JE 20 
RiSO. 4 1 5 2nm(7?]E^CO^Tfe l 3 , [0 0 1] 
^iSj^iMMftifco. Z.<D&&\Z&*<D c ffiK^Tft® 

MP s S:Devonshire!ft**H«*Srfflv>-C«-»LfeJ»* 

^^^•To r^Hd^fe, -^TcJE^fS^iO 

[0 0 2 5] fctC S i »«±JC^tf**i'*A'fiKftL 30 
fcPbT i 03«B«£Olvc%;i£ 0 *IK^»fiSta**s 

eoo'C^ttic (ooi) iafiio*JB»»K*5»feix 
5£:-rS£, Zcoir^PbT i OalBfiftfOcBfi, 

PbTiOatSi tmWB3iff»3ftS»&5fc«), 
iit6 o ox:frbMm.$.x<DftMmmiz&\,^x-&7ttf) 

t-l|K^^eri- 0 PbTiOaSllgt, SiSS 40 

«ftfc:£i:S a***|Rl*5j:T/b*!l*[Rj<Z)iR««i, PbT 

L</h£V\ wtttt, S i 0*MB3B«»dsPbT i Oa 

PbT i 03W»cj«|o«9iS:*dS4i:T^-&o 
[0 0 2 6] S iX«±fc:jgjS£ftfcPb 

T i 03*R«cttffirt^r.»:S<o§loK9JC£:*i s feCr 



ftfflW-1 1 - 2 6 2 9 6 

r^^loKD^^rS^-rS^^iC, PbTi03?§B£ 
13 (0 0 1) Efaigfii: (1 0 0) EfiJKftitfSaEL 

[0 0 2 7] *3BWt?tt, PbTi03*PZTftifW 

[00 2 8] S^»*ff*K©f£:*«W 

Z Tfc. ^{b^«®tt»R*^»iN-i: ItSrRuOa 

[0 0 2 9] *i\ Si (10 0) #8ft±i:SrRu 
03j»R«:^tr^^r*>^^fiK«**"fcS i (10 0) / 
SrRuOa (0 0 1) Mtt»ft«r£K&U 
CPZT (0 0 1) WK**X 

^|COPT%X.5 0 P Z Tj»K*fiK«F<oa«taKS: 6 0 
O^iri-Si:, eoonclc^JtSaWKOtt^SEftttPZ 
T/^^^0. 4 0 9nmTfo5 dTOPZT^i 
ScfiPb (T i o. 4 Z ro. 6) Oa^-TS) . — S r 
Ru03tt» Gd F eO3ffl<0*Sfi"C*><!K 

-?->£$Cf3:a = 0. 553 nm, b = 0. 557 nm s c = 
0. 7 8 5nmtfc5e L£>U SWBMb^fS** fcSVMi 
{£<E>Sb:£l-<fc 9, h (Pseu 

do-cub i n # b) «aS«-*«« roSffli*^ 
n^*>f MUafiOattOft^JEKapctt, 6 0 0tl:: 
*5V*T0. 3 9 6nmTfe5c It^oT, j£Rf$JCPZ 
T*R£ s r Ru03»j^i:^Wlc(i*&^3£Sco^ 

[0 0 3 0] X«i^^^^^^r^fi6S*B(t«>M«c$ 

V>T, (a) fl\ S«i»RiJ&sffl£Lfc*£*oT^ 
&^£^U (b) l±, SMK*S9M4^T?5^7-f y 
h*»iRi-5»&Sr*U (c) tt, Bil^ot;^ 
b&»iK1-*»fr**H-. (b) -CttWR^fi* 
»^3&Sctt*lPl"t?#^ attSSjZT/btt^lRl'CJittlBU 

^Tc^jEffi^^^ur^^o (b) cDtfcflgte, m&n 

v^l:4i:5e (c) ic^f J: o\zW$L\z± V 

<< v Y ft%±\zW& S ttttli, ( a ) [z^-tikm k RI c 
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[0 0 3 1 ] Z<D& S4R (Si/SrRu03) 

(b) ^^S^^SJ:5ftffiJIBl^i:*^l:rv^5ttlB■e«) 
[0 0 3 2] -tr"Xf*SSWC^ SilfiilSoSl 

wsmk * ms&fmmt oboW)6»o ^^^^ 

f36S»S4:*Si5fw, *flc«jJcttH2 (b) d^Stl 

S i »efaS«^S^^t^t;^t5«J;5<fl^^ 
mt1-Z>z tds-e*. S i S«±t;i:fe^TSi&-e*K» 

£ct^5»r«w***s-c#s. rcoTt*. *« 

Wcfc-Ktf, PZT»R§rS i ^fefiS«±i- (0 0 
[0 0 3 3] rfttC»U «*fc&ftTl^5MgO®K 

Qitmrn t <D\&mcDm\< l t^mus^** tt 5 w 

[0 0 3 4] K*ff<JlMLfc»^a*lEtfcj&s& 

1-5rif4&vv zentztb, MgOSSSrfflv^i^i: 
J±, M«m»»HI* s i*<fiffii s feC J ^i-v^A« 1 -C i b, ft 

#t*«wt?fi, s i afiSrfflv^5^T?»^«Ftwa«(o 



(6) 1 1 - 2 6 2 9 6 

[003 5] M£J:oT*«$nSSfiR«* 

J0 14, S i »«*S«*ffi(c«fiRLfct#«nfc*ffittA x 
[0 0 3 6] Lfrt>* A'7=$M>WtXhv 

ffi<D¥-m&fc%t>&X&&Xfo%ti$>\^ &R®#»R 

30 [0 0 3 7] dO* 5 4ftUBfc* 9, **01t?W:* Si 

SIR*. Si*SaSS±l: (0 0 1) eifto^tr** 

[0 0 3 8] BS«flc»BISr»tiK-rsB^KJCAS:WJ»L 
X*Stt5k#S:tt^5rttt, flitt«»¥8-19 53 
2 8#^*(^IBtt$*tTl^. ra^«IB«<OJB 1 ©*W 

40 RA»b*5^^^'>^R«ff»t-*3V^, R®#Ri:* 

»R«*»«X(±KiBrt^5lo5ii9JC*S:# 

R«*HSl±1-S^a*»1l36S«T"r2>o ^ 
50 $8I5«£<D$gl?3te, ii*<DDRAM*if«Ciaffli"Swt«: 
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[0 0 3 9] H4*«lCttS i *»4atRS:fflV^fcSafi« 

<>e«£ixTv^as % PM^HWI^^^rstM 

# (001) EIpJLTV**©!** MgO (001) HLk 
CPt (0 0 1) RfcflUiU :ol(:R®M (KT 
aOa) *r#J«Lrt:Wfr (*6 0>l!ttftl) fcitTfoSo 
[0 0 4 0] 4fc, ^¥8-1 3 9 2 9 2^«iC 

& « 1- 5 % 9! a* fa tt a? n t v ^ . 
[0041] H^«<D»*3Si^ia«*nfe*wtt, '> 

4< t fc*ffi36S]E^i»© (0 0 1) H*fcttSt*ft* 

**36»a.i:as, 
1. 0 02^ad/as^l, 015 

«#BtOBIff 3&s i 5nm^±T + fo*3, :* fcT 

c *b*4fcii^4* a W£ Cot as, 
Ce/Co^l. 0 2 

[00 4 2] B^«IBttO»K* + ^*>^tt. I^*«0> 

*G-tz>&*<D a wassi^ c ttasttt/fcKKttfrKBtfr 

[0 0 4 3] c:oJ:5 4S*R«*?llKS:»5fe«>l-, ^ 
/I) ±KHUS*S il^Mt, *<D±\Z^ -ytrfrT 

fc irii, VISAS i JlfrEftSftdHl*-* 



(7) #BI¥l 1 - 2 6 2 9 6 

[0 0 4 4] ta»U *«W#6>OW5£^J:lxtf, 1*14* 

ftsm«*»K*»ari:as-c4rfta»ofc. *lt, n 

^«©IS**7TKlESnTV^c(l!l«H: (Ce/Co) 

[0 04 5] I3£t«0|UK0J<0 5 *> S i *J£# B gffi£JB 
JO V^fcS<7>W^as*>-6^ttjll6ffil7, 8, 9»t"C*5. 
**«7"Cli, S i l£SA&£±lwff$4 0 OnmtDT i 
NE Z<D±{ZT&mmt LTf $ 2 0 OnmcoC ao. 5 
Yo. sT i OaRSrJBjjtU - <E>±l-I¥£ 2 0 0nm<£>B a 
o.sS ro.sT i 03R«fr»**fifcLT*5»K H 

fc, Xffiffil 9 -ettB«{*JKoaj58Sr Bao. 45 L ao.osS 
ro.sT i Os^aCJELTI^*. w^feOStlt«-ett, # 

TfctU *#H67V^T=-^§6«S:fflv^7 0 or, 
20 l5>R|or=— A'SrffofcJS*, VttAflSLfci: LTV^ 

s e ta>u 51ns i ^^stsiR'ja^mi- 

M&Ltz&. HxS:7=^t5*»Ttt, ±&Lfc^ 

*3fei\ iaraBiaswbnfceoiBttfcttv^ 

50 [0 0 4 6] CC£><k5l^ *SBWI4MgOS«±©3Mt 

K^^O'fllJttirb^v^ (0 0 l) ErftRt L 
[0 0 4 7] *a5WJ-*3V^-C»<fc»W«tt*K± 

[0 0 4 8] *&W\z£K>'&btiZ>mffimm*. Mx. 

50 ^#*»iff(-*3v^x, ffinfc#^^^«-f-5o 
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[0 0 4.9] 

[0 0 5 0] Jg« 
*58M-Cfflv^5StE©»»tt, S i ¥&A£> (10 0) 
B* s S««Bi tt5 J: 5 fcJBv^S. 

[00 5 1] 

[0052] ttfcfeWttttVBttt* /<^-c©tts««;a s 
1 0- 5 -l 0- 2 Qcm-efcSr fc3&s#*LV\, iVR 
b\.X<Dbt&i7ihl 0- fi -l 0- 2 Qcm-efe^w i3fts»* 

[0053] mmmn&nKit* ^vtr**s*frmv 
feor (001) isiRjiflt-cfc*. sroco (00 

£\ (001) iafRj-e)gffi^5*^6r 50 

4#T£5 e (001) iBVR] rosa««fW»M<7>5>«*** 

[0 0 5 4] ft*3, *MJBB»lC*3V^r3:tr**^-t/H« 

o*-iBrRlKirt:> Xi»lHl»f«-J:S«S4r«ofci:t, 
@ W fc -fSBJ^Ko t <D(D8£t<D tr— ^ Sfctfws @ ft i- 
*B©**fcr-^^o>i o%KT, »*L<l45%a 
Tt^fcSR-C&So «x.tf, . (0 0 1) efilflt, i" 
ft to*> c B*-eflfl|-CI4* XJ»Is]»r-C 40 

(0 0L) B«*<BK«tfcr— *<03*S* $ , (0 0L) B 
KIW>»;*:fcr-*S**a>l 0%KT, »*L<tt5%El 
TTfcSe ft*3^ ^JHWWSV^T (0 0L) (0 
01) ^ (0 02) ftif©»«J!cBSr«Wi-S*«T*> 
5. KBrtfcX-YBkU BW*«l«rZtti: 

Lfcfct, StAd'Xtt* Y^it^Z^lRjtc^ttcflJ 

*S/*/HRi:l*ji5 0 ft*3, RHEEDtfis S^SSaS 50 
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•■T-HEir (Ref Iction HighEnergy Electron Diffract 
ion) -e*>9, RHEEDffffitt, Rffil*Jte*3tt5*Sfi 

[00 5 5] IMbttWttttMRtt, /^77»*tl 

tt«r«±S**fc«>fc:, ttAtt*sA»-ca*o*B#$HP 

[0 0 5 6] WBtOttAttNU XRD (Xlftlslft) fc** 
lt5S»tr-^©oy^^^*-^O^fl[«^ RHE 

fc. *Btttt* RHEED{fe£>;* hy-^tt, fc.fcU'A 

FM-esijeLfc«Bfi£ (-H^¥^m^) tifits: 
[oo5 7] mmmm&mmn. xmsan^^ (o 

0 2) B<DK£t£>n ^^r^^-^O^Ifiili^i. 50 

V\ AFMfcJ:9ffleS;h,5*BfiSRz 
sfi&aS, S*S$ 5 0 0 Onm) tt % 1 OnmKT, »* 
b<(i5nm^Tt?fe^o **5, 5ft^Bffi£(2, 
S®^L<li8 0%K±, J:5»^L<ti9 0%^ 
±, S6>Jd»*U<tt9 5%&±©««-C*aLrv^ 
r4 3&sH*LV\ ±IS*BaStt, Sffiill^fcot 
#/B«r»fifcL fettle Bii Oirfa±©««l:bfc 

otWMtfcfttoi o@gf^±^isySLTcofii 

-Cfc£ e #W»#lc:*3^-<\ JWK«B©ffJiLtf 8 0%« 
itRz^l Onm&T-CfcS ±IE0>J:5tel 0® 

1 Onm^T-efo-Sr 4SrSc*i-^ 0 4*5, SltiSRz 
tt, JIS B 0610^ftS*ixTV^S o 

[0 0 5 8] u^^r>^--^^1I*l*3«tU t R2^T 

7° ^i^O. 4° SS, ±ER 2©TRBHiittO. 

1 Onrr®St?fe^o 

[0 0 5 9] RHEEDft^^y-^tfeo 

[0060] **9a"C«4, K{bfe2SS^«^^>Jfea^^^ 

±IB© J: 5 4^-T-u^yV'-C©«B s Pattl-«^SIi^» 

[0 0 6 1] SROIt S rdSiVRuSr^tfKftftT? 
* 9 , — «t Sr:Ru:0=l:l:3tfcD, ^© 

fctt»Wft*** s #a£i"S«>^. Rule 

^"TSOOJt^^. 2. 7-3. 3gStfc5o 

[0 0 6 2] ^PJtC*5V^T^b«)«littl*KtlffiV^ 
SROlCfctt-SiS^itS r/Ru&F<sr/Ru> 4*f 

F(Sr/Ru) =0.9 1—0. 9 7 
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Ftsr/Ru) = 0. 9 2 — 0. 9 6 
F(Sr/Ru) = 0. 9 3 — 0. 9 5 

ffc£o 113— F(Sr/Ru) t^>SR 

«ttSi«;^AFM«i-e*>5. #H«c*3tt5Dfliaoaa«: 

(Sr/Ru)CDffl^o. 9 4^tifiT* 5 Fa^^®^#bH5- 

TtiJB©SiBtti5»<4otLi5. ¥tfifc*B«r# 
SfcfcfcF(sr/Ru>*J:IBttHi:-*-*r. itt, 

tt*< F<sr/Ru> 5. SrfeJ;U«RuOi# 

*3tX»»*fjfei-J:?)*«)5ri3ftSt?#5o SR 

AIM h (Sr h) ©— fljaSB a , C a :fc3,J:tMfr± 
^7C^ (S c*5j:U<YS:*tri 0^*< tt> iaf-i»9 

iST i *3<tt^Z r <D'pt£< t fc 1 STtl&£ *XT V^T t> 

S r:fc±tfRu*S«*SftTV^»'g\ -bfSLfcF 
(5r/Ru)*l(tti-rsi:#«-tt, w^ib^H^TC^^S r 
*5<fctf R u «C**LT#x.S. 
[0 0 6 3] 1Mb** S tt, -^(d$f * L 

<l*5 0-5 0 OnmSS-Cfcaas, LTcDigm^ 

4fc>ix*t^a««-»v^w t«s»* Li\, 

[0 0 6 4] TifeSSil 

[0 0 6 5] T»»Ktt* ^vyxtrj h%l<D]&&mm 

*«M"Ctt, AtlTCa, Ba, Sr, Pb, K, N 
a, Li. LaiSiVCd^batfJxfeiaWi. »1- 
Ba*fc»4Sr^84l<, BtlTTi, Zr.Ta 
*5 *t*N b fr<bm\*tltZ 1 «i:T i L 

#ff*LV\ 

[0 0 6 6] r 5 l^o^^^f hSMb^ftlcfctt* 
JSSmtA/Btt, ff*L<liO. 8-1. 3. J:0»4 
L<i*0. 9-1. 2-T?fo5e A/BdSO. 8 



(9) #K?¥l 1 -2 6 2 9 6 

Jfefttt©*»S*** J ««>*< 3 !t5^ *fcA/B#l. 3 
Mit6i«llftlll©»«*B«i:4otL*5. A 

-5 e ABOatdiSltSOoariiW:. 3 

tfc^OT^ ABOxWSV^ x<DfiSl*2. 7 — 3. 
[0 0 6 7] TSSWKtt* E*ftT*>5 4r#tt (0 0 

tt (100) <*-EIrU t4t»tSSSIi:¥tTl-aI 

Ti&*Ki:Si (10 0) SfitOgS*ffi§l« 
ti, iE*fi [i o o] //s i [oi o] *fcttfi:#ft 

[0 1 0] //S i [0 10] "T?*>Sr tiS»*LV\ -T 
[0 0 6 8] frUBSEK 

mm k K<b«*«tt»« t © M * PflSMJW s K »t fe 
30 rtici^o +PiMHJtMU K<k^/w=i = !?A*»Bt, * 

[0 0 6 9] H<bt?/U3 = *^*»iKtt, ^{b^=»- 

tri 9se^b*nfe*{ti^=s^A. (§6ff{b^ 

19, *^±«CKJtfetiST*»I«^»{k4fcW*ttailBl*3 
[0 0 7 0] ^b^^-^^^-t^^b^^-r 

tt, Zn-xRx02-5 (RliS c :fc £tfY£<&if#r±S 
S*"C*>5, x = 0-0. 75, 6=0 — 0. 5-Cfc 

a) ■cat>sn5iBdio i t>©36 s »*bv^ xis^^fii- 

oV^TI^ «aM*£a Riim Pr, Ce, N d x 
Gd, Tb s Dy, HoifccfctfE r d»b«iRSix5*<C 

[0 0 7 1 ] Mffci^a = ¥-oe*E 

50 Sr^i■-5»a^-*3V^■C^i3&i^!&^#aEi■Sft:«), -eco±^ 
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0 1) KIpJR, &#fi-C*>2>i:SM: (10 0) 

[0 0 7 2] Si (1 0 0) S««ffiJC, *BD»IK (Z 
n-xRx02 - 5 ) 33J:t^T»»BI (B a T i Oa) &M 

T i 03 (0 0 1) l/Z r i-xRx02- 6 (0 0 1) //S 

1 (10 0), *>oB a T i 03 [10 0] //Z n-xR 
x02- 5 [10 0] //Si [0 10] T**)5: 

-g-Cfc* BrtJc*5V^-C*li[^±3&S3MT-Cfc5wi:*s»*U 

[0 0 7 3] YBCO4ifi0fie*flfy36»foO*ie'C(i, 
(0 0 1) SEftOB a T i 03 ^ * v^H^£r#cfc 
Ut^i, -t<D»**ffiB«tt, BaTiOa (0 0 
1) //Z n-xRx02- 5 (0 0 1) //Si (10 0), 
^oB a T i 03 [1 1 0] //Z n-xRx02- 5 [1 0 
0] //S i [0 10] fc*!K B a T i Oa Oijiffitt^ 
tt, Zri-iRi02-6©»fl:»Ucifirt-e4 5 0 le] 

5 tt»»#ffiBB«tt«jSB»rfc 9 , B a T i Oa (0 

0 1) //Z ri-*Rx02- 8 (00 1) //Si (10 
0) , ^OB a T i Oa [ 1 0 0 ] //Z n -x Rx O2- 6 

[100] //Si [010] <0H«T*tfpTffi-e*>*r 

[0 0 7 4] attcDKt^RW:, Z r 1 -x Rx O2- 6 mv 
1*0. 52Tfc9, B a T i OsMrCttO. 4 0 

4 5° BSrtTlaHiBLT^i^tSB a T i O 
3 [1 1 0] //Z n-xRx02- 5 [1 0 0] //S i [0 

1 0] ODBMRTttS y h#8. 4%tC/«C5o t ^ 

B a T i Oa [100]//Zn-x Rx02- 6 [ 1 
0 0]//Si [0 10] -m, B a T i OaSle^al 
t Z n-xRx02- fittfiOaBfctt* Ete-S-fU:*^* 
Zri-xRx02- 6 36^- (0. 5 2 
X 3 = 1 . 5 6 [ran] ) t-2tU B a T i O3 4|&^ 
(0. 4X4 = 1. 60 [run] ) j&sjfr&i-S. rcDi: . 
**:7-f s> Mi2. 6%ii<vyf>m. U 
fc#oT* B a T i OS [10 0] //Z n-xRx02- 6 
[10 0] //Si [0 1 0] <©BB««:*iJffli-Sri:(cj: 
9, (001) ElPj<03ifcr^*v'-r A'B a T i OaR£: 
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[0 0 7 5] Z r 02lii«a^feStaiCAWtTS£*ft— 
jE**-*»*i:«IE»*:flfei:«. iC**Sr»fi<bi-S 

-CfeSo Z r 1 - « Rx Oa- fi Rro8fittli x OfilCttff 
f5o Jpn . J. Appl. Phys.27 (8)L1404-L1405 (198 

^0. 2K±©St*fi«*-C?tt*— iaip]03it , ^^ri/-t 
70 «"Ctt, fir*ftTttfcS3&S, (10 0) Eft 

tt»e>ix-r, (111) Eift©tt*asjaAi-So — 

E***fctt*»ftt*S««tftt, J. Appl. Phys. 58 
(6) 2407-2409 (1985) tr feJt^fcixTV^ J: 0 \z % % 

[0 0 7 6] Ifc^ot, 3e*Eiao^!6»btt, Zr 

1- xRx02- 5 tc&i^xteo. 2 — 0. 75-efc5:i 

j&s#*Lv\, x©J:?>#*L^ttHli0. 2-0. 5 0 

m& x v&mmftmm * ^ tr * * * ^ « $ 

[0 0 7 7] K^t^^^TiS-g-tf^HTciStt, S 

JftO. 5 2nmC0Z n-xRx02- 6 (i, Ri s YT*fcO, x 
sftSO. 3a>fc0>-C*>£. RO®^$r@3^Lfc*^x$r^ 

tj&SpTfiE-Cfcf?, T**R«)BaTi0384i:^y 

[0 0 7 8] **3, IMR*tt*r**4V«{b^3 = * 
-Mi, fc^Z r 02t?*t?SJx5* s , #±^7C^£8s 

ffi, **3J:r/flii»:(cj:0»*ro«is«{l:L, Zn-xRx 

02- 6ld*5tt3 6 li, ii*, ±IEUfcttHfc*S 0 

40 [0 0 7 9] Z n-xR«02- 6K*5V^xj&SO. 2*S§ 
T*fo^^«E, ^^^<mJ5K7cill c t 3 ^*5tt5Z r 

«Sfl5Zr02»:it ^TK^** y y 
50 [0 0 8 0] »*tBfc<«rtS**«C*»t*Z r <0tt* 
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(MI Sffit) i:*5^TZr02^«feS 
ftilTfflt^i*. YSZ (YS^b^V^-T) S: 

yi/7^<^5^ MI S^l^^r LTlfffi»ttd s « 

Z r02 0tB|E»^J:9aSiSnsri:4:, ZrOz^K 
^Pfe^/>^v>- £ t36S%*.feixSo YSZ *it«E»* 5 

AJR- (MFMI S«at) <*\ Am 

-MMn»-iti*i*-¥*»i*& (mf i swai) iw*s 

V>tt, «»*ittZr02S:fflV^fcl|^, I Sg&# 

[00 8 1 ] LfctfoT, aff*JB*tt*3J:t^*ffitt36S 

B*<**7C**lw*5tt5Z r <DJt*te, #£L<ti93 
molKiS, <fc9#£L<te9 5mol96£JLb, £bt-#3:L< 
te98mol%£L±, *tff*Kf4 9 9. 5mol%«±-C*> 

So mm&xxfz r *mk *Wctg*«\ ^±^tc 

il59 9. 9 9nK>l%flS^fo£o 

flsStfff-cttz r02tn f 02 tco^m\-tmv^<DX\ z 

r02©tt«Ji:, 51*, Zr+HfC©tt««rSttV> 
So Lfc^oT, *KJRB»^*5*tSZ r 02(Dtt»i, 
HfirZr ^«rra5c*fc**LTliasn^:tt"e*>S 
*s, H f 02li*36Wic*3ltSIWb^i'= = *A*»BI 
l^v>tz r 02 B«lcaMBi-6fc«>, IBM ft ft 

[0 0 8 2] 4*5, ^^iK^MtSi^, fPflSSR 

S*ffi«"jfidsai< (#J;itf5nmifIg£XT) BMb£ftTS 
i 02ttif<oK^b«Ji36S«filtSix<5r iriSfcS. 

[0 0 8 3] -hKLfciii^ *IH»Bt*LT±lBLfc 

v^^bix, wOjSfclfc^TZ r 02i**MHRfc* 
So rco^^, aiEi-S*±*BMfc***IK«:*ft^ 
=i = !>A5R*BI±l-aJii-*-i^J:9, C-VWSW) 

[0 0 8 4] #±JSftft»*»Blli. La, Ce, 

Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, E 
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r, Tm, Yb*3it;Lu(?)W<Hli, Wt-, C 
e, Pr, Nd, Gd, Tb, Dy, HoiS^EriO 

[0085] #±*iMA»*R#«isn-cv*a» 

fcottJ:<, BW*«fc»aW*fb1-a^*SMt"e 

Z r ****** *fcttgkBtt(C«^**5o - 
o J: 5 tt«*MH3ft« fc r. fc *c J: D\ IMk^ = -9 

■Wbft**K«:SiJBfttt«)^ *$/*>MBt t £ 3. t. 

loose] 4*3, *±an<b«**i«*^b^== 
20 (t-ett (ooi) ^-isfa^ (ioo) eirjobw* 

JKfiR-Ct-f, 3fc*fi<0 (l l l) EflJ^RfcttoTL* 

[0087] #±s»ftft*SMH-aaDi-5*±a7c* 
it, »b^= = !>^*»*-^i"5*±JiS*fc^ 

[0 0 8 8] ^b^^a^^-^SSWI^^t^ftiSiMb 

l> 0 #Jx.tf, r.ixb«>»Bl(-Ca J «»Mg*4fOT^*y 

S i I*, Bl(7?«fi;*SrlB]±S*5«i»^*>6. 
Mn, Fe. Co, N i * if 0»#AJR5£*I4, 

[0089] TMwm&*xf+wmm<Di&&\t, ^so^ 

^FS-efo s r t uv \ 
[oo9o] mm<D&&m*. xrd (x^m^) t-^ 

[0 0 9 1 ] TiWtBtfti^^imtBl^ttiftttH:, 

ElJf«CJ:5 (0 0 2) iB©Eli«)oy*^Z*-W 
ffl«3&si. 5 0° KTfcftStO-CfcSr i:36S»*L 
50 V\ Tife«R*3j:U:+Pfl?SRlCOVN-C, AFMIC 
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J:^M$R 2 <+A¥«ia** g$JSS£ 5 0 0nm) 
«:jB3eLfci#, 2nm£JLTt?*>5rfciS»*L<, 0. 
6 Onm£JLT"e*5ri36SJ:«?»*LV\ **5, rcD<fc5 

[0 0 9 2] o y^l/fX — yo^MMMS-fctfR z <DT 

Htt(4W-4<, /h£vM5if#*Li^ afta>*w 

5 0 0nm-e«>+^¥*9aS R z ©THItt 
0. 1 0nm&*-e*>3. 

[0 0 9 3] RHEEDS^MJ^-^tfco 

[0 0 9 4] Tifi?IBl©ffSW:ffl^(-J:0*&9, -» 
(C#*b<tt5 — 5 OOnnu <fc 9 L < II 5 0 - 1 5 

JHV^»&0>ff Stt, 5 0^5 0 0rnn8I"efc5wtiS 

[0 0 9 5] «f«IBWR<z>«Sfcffl^J:9**9. — « 
iyf*t<tt5-5 0 0nm, J: 0 L < 1 0 - 5 0 
nmT?*>S3&s, SMbtt* *ffittfc«fc:b*^aftK:*v^ 

-fr^ffStt, 5 0^5 0 Onmfil-CfeSwt^ffSL 
W **5, *IBS»llJI*-tl2Lfc2Jl«fil£i:i-S»&, # 
»MOJ?£I3;0. 5nm«±Tfc*ri:3&s#*L<, *»o 

[0096] wmwam 

[0 0 9 7] »^»*«tt»Bl±(i*a*ixS»»mff 

srfcm, s i *«±^*3i^saT?jt«w^«is 

i ¥3»ft*tE±-C*>-3rfc (0 0 1) Kft*£fs£ (10 
0) EiRiteft i < , (0 0 1) IB[r}<^ 
fcT#*->*/MR* LTMt^r t36S-5TtBt<c5« 2 b 
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[0 0 9 8] 3i»«^«»Klc«v^a«mtt»^IHS*i^ 

[0 0 9 9] (A) ^o^^^f hSt*** : B a T i O 
3 ; PbTiOs, *±*7C***T9 L ^>K», PZT 

(^yvnyf^yg^) . PLZT (v^^V^^K 
^^tt) ilfOPb^o^W Mfc*» ;Bi^ 

[0 10 0] (B) ^^T^n vXSMstt* : SBN 
(=t^hP^f ^A^y^A) . PBN 

[oioii kt, cnb^sfc»«**m«cov^rKM 

[0 10 2] (A)^n^*^ hi!»»0 5t», BaT 
i 03-*\ P b T i Oz^VSti^vy**** Mt-S*tt 

ifB\ — itt^b*S;AB03-e*Siv5. a*5 

20 it/Bl^i^^^Sr^to AttCa, Ba, Sr. 
Pb, K. Na, Li. La*3J:VCd^fe»fi«xfcl 
aa±T*>SridS»4L<. BttTi, Zr, T a *5 

[0 10 3] r 0 Lf^n^^^f hSrt^W-fctta 
JtspA/Bli. #£L<I10. 8-1. <fc 9 

j[?tl<li0. 9—1. 2-Cfoa e 
30 [0 104] A/B£rC<D«fc 5ftftli:tS-^tio 

«aW4«r3k«-*"Sr.4:dS-e#S 0 rixfcifctU A/B 

fcA/Btfl. 3*r«^5tJSK4»l«©*riEA s H»- 
4oTL*5c :oi54A/Bft j5KBt*#«r»JW-t" 

[0 10 5] 4fc\ PbTiOsfc^fl) 
± 5 A B Ox in**** -5 O ©it* x $r-f^T 3 4: LTH 

BOxd^T, x<DUtes 2. 7 — 3. 3^g 

[0 10 6] *3IM■T?«V^5AB03a!©^CI^*^ 
hlk^ttt UTtt, A 1+ B 5+ 03, A 2+ B 4+ 03, A 3+ B 
3+ 03, AxBOs, A (B' 0.67B ff 0.33) 03, A 
(B' 0.33B^ 0.67) 03, A (B 3 + 0. 5B 5 + 0. 5) 03, 

50 A (B 2 + o. 5B 6 + o. 5) 03, A (B 1 + o. 5 B 7 + o. s) Os, 
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A 3+ (B 2 - + 0. 5 B 4 + 0. 5) 03, A (B 1+ 0. 25 B 5 + 0. 75) 
03, A (B 3 + 0.5B 4 + 0.5) 02.75, A (B 2 + 0.5B 5 + 

[0 10 7] PZT, PLZT^OPbl 

-ip^^^ hik&®>, C a T i Os, B a T i Os , P 
b T i 03, KT a 03, BiFe03, N a T a 03, S 
r T i 03, C dT i 03, KNb03, LiNb03, L 
iTaOa, *3it/wixfcOB«flc^ , X?*>6. 

[0108] 4*5, ±EP Z Til, PbZr03-Pb 
T i Oa^^ggWTfeSc ±f5PLZTI4, P 

ZTlCLa3aSK-^SttWb*»T?«>»). ABOsCD^ 
IBWSitf* #J;ti4 (Pbo.89-o.9iLao.n-o.09) 

(Z ro.65Tio.35) O3 0> <fc 5 KlftSixSo 

[0 10 9] Jitt^a^*^ Mfr&ttO>5fcB 

i Zkmmt&m*. — B i 2 A»-l BmOSm+St* 

(4, Bi, Ca, Sr, Ba, P b *5 J; Wfr±JK7G* 
(S c 33 4 tfY £<&£*>) 0H*-f*l3&>T*><K BI4, T 

i4T i30i2, SrBi2Ta20su SrBi2Nb209 

[0110] **w^«t^5r.fcds#*Lv^o^* 

hSMb-fr** #Jx.t4B a T i Oa, SrTi 
03, PLZT, PZT, CaTi03, PbTi03, 

&fc v £L-CI4, R (RI4, Pr, Nd, En, Tb, D 
y. Ho, Yb, Y. Sm, Gd, Er^Ji^La^b 
il«Sixfc^*< it iao*±W5c*) , Pb, Ti 

14, PLZT, PZT, PbTiOs, *±JS5c*** 
9 #*Li\> WnPZTtfu g$8#ffi, 

P Z T#*©B54*tt**JflJ-C# So 
[0 111] *±«5E3i*W^*>««i:U-Cli. JH^ 

(P b + R) /T i =0. 8-1 . 3, 
Pb/ (Pb+R) =0. 5-0. 99 

(Pb+R) /T i =0. 9 — 1. 2, 
Pb/ (Pb+R) =0. 7 — 0. 97 

»rto*±as*4#^^vBMB«:, #J1¥8-18 6 
6 2 5*(cH^*ttXV^5. ^±^7C^^-hlSM:^r*P 
bT i OafcS&iDi-Sw £1-4 0, Ec^r{g;T$-^5C 
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[0 112] Ri4, PbTi Oa»TflWcSix£S*'< 
JO o^-f hcDAlM H:ffi|lt5Pb iri^U ftfi 
4:aB«S*5. PbTi O3 (4, jE**!!^)^^^* 
>f MSiS-e*> 0 , c«i*lRj{c»«*li4r»o 8 Rgmt-4 
aitcttt^Ma^^^^ *> 

-5mJE (Ec) tISTSiirSr ^*S"C#S. — R^ 
^O^r±^7C^, Ce-C(4, PbTiOsOB 

20 [0113] #±«5c*4**-* ^|MB»c*5V^r , (P 
b+R) /T i^/h itt*ttcoek»«*3ftsaae) 
*<ftD, (Pb + R) /T i 3&s*#-TffSi:*SfI*» 
Dlo*riE36 s Bill^*orL*5. (Pb+R) / 

T i £±faS£H r. i V , ft»*R«»tt*s» 
b^-5o Pb/ (Pb+R) WSt?5t, g^^S 
j&M*S< fcoTL*? £PlB*KR«*t> 1 0 0 0£JLh£ 
*f<ftoTU5. Pb/ (Pb+R) *s*£ 

Pb/ (Pb+R) £r±f5«SHi: 

^ij^i-^r laoT^Cl^T^ 6c Pb, Ti*5 

[0 114] ^*^»ttl4, -SStCPb : T i : 0 = 
1:1: 3T?*>53fl5, *»M-ei4SSJD"*-5 R©«W*3J: 

xfm^x^xmmnft&itmtey. o/Ti(4, a*, 
2. 7 — 3. 3ej*-ca>*o 

[0 115] 4*5, *±«7C**#*-*>II»-C»4, T 

i (D6 OJ0R-=F%»T3& S Z r , Nb, Ta, Hffci^C 

[0 116] (B) ^y^f^p^XifflHt 
(4, 5ilR«fls:«-J|B|.ft<7>Landoit-Borenstein. Vol. 16IEH 

14, (Ba, Sr) Nb20e, (Ba, Pb) Nb 
2O6, PbNb206, PbTa20e, BaTa20e, P 
bNb40n, PbNb20e, SrNb20e, BaNb2 
06«f-^rttbOH«ft:*s»*U<, SBN 
[ (Ba, Sr) Nb20e] ^PBN [ (B a , Pb) 
Nb20e] A5#*Ll\ 
50 [0 117] HRfl;#:fflS{4. ^Stt^atEB t SS* 
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t*, Xo^^^f KS!tt»-CI4 (0 0 1) Eft^^t"* 

>XStf»"CI4 (0 0 1) Efa^^fcr^^-^MRii- 

[0 118] -<n^^>f b ffl*f3»*» bfllJ* * 3ft» 
ttftMRf4* Si (10 0) *ffi«r*prsS«JiK* «F 
3z6Lfc#»«*^UT»ric$Jx5 0 SIKSMlii: S i 

S. 4*3, S i tefcfrfi"? £>£><> 3»B«ffJ|Bt36S (0 0 
1) *-EIp1T*)5»^ SS»«fr [10 0] //S i 
[0 10] "T?*>5. +4*>*>* ^MMK^S iSS 

[0 119] ^ y^^r n yXaw^bM^n 
5&R«ft»Bt*«*ai-5l»fcfc^ Si (10 0) SS 

m^zz i3&s»*tv\ r^^&R 

mftSIHtS i SfiirOSf^UV^iBftWi^ffiBBfftt, 5* 
Rmft [1 0 0] //S i [0 10] "ffefco 
[0 12 0] 3j|R«fle}»»cfflV^feix5*»m*«-fi- 

[0 12 1] KR«#MRtt. T»"CS>S»{btti*«4 

S i *«**tE±(-*dcSttfc«ft»W«tt*K^ffirt 

o»^3£*asi*>BB«2 s * 

1 < aF/aS^ 1 . 0 4 

[0122] »{b»*«tt»KO|afiS* S r R u Oa t 
U «jzE-r5»filc*i6SrfflV^»'&, as (4 0. 

3 9 6 6nm£43c a FO#* LV^ttHtt, 

0 . 3 9 6 6 nm< aF^O. 4124 nm 

*4<5. coupler*, JIWfWftifCPZTtffl 

iJ&s#*LV\ PZT(4, PbTiOaiPbZ 
r03t<08J6*t**), »R«ft»8BBlS«F0>i&£fc 
*5V^T, M#tt#i;i£;£*"Cfco-C\ PbTiOs^ft 
^■JESttO. 3 9 6 8nm % P b Z r 03<7)^3l^li 
0. 41 6 9nmt*fo5o Lfcj&SoT, PZT<7)aFH, 
Z r £T i £ OJtiCJS UT 0 . 3 9 6 8nm*»&0. 4 1 
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6 9nm*fOBT*{bi-6wt(c45o ±IELfcaF/ 
as£D#^ tV^«&H*SSS-r^PZT(7>jmfi£(4, PZT 
^Pb (Zn-xTix) OaT^L^it^, 
0. 2 3 £ x £ 1 . 00 
£4*. x = lOi:#i4, PbTiOat'fcSo 
[0 12 3] 4*3, Pb (Z ri-xT ii) OaMdS^T 
xdsfio. 4^T-Cfe^t, y</v*ft^li£ffiftfli:4 
0, #®ittl4< 1 1 1 >*|p]lc£i:*o L*»U 31^^ 

70 fcttjE*fi £ 4 5 , Si *«*S«*BJc*ia4»«tti 

PZTxt^drv/t /HJltt, * ft fc f±« 4 o *S i 
S!i:4or»tt*li3flsS«*ffi«cSa[t45 0-e, 

[0124] ±ER«Ttt, SrKuOztPZTt<0 

m&&t>it&mizmfti&. m^Ltzx 0 »c s r r u 

#±«7c»«*^^>'iMB4ir, PZT£l*KOS*R«ft 

[0 12 5] ro4 y hSrMffl 

LTffi«K*«r»StLfc«iR«ft»B|-ett, JMPWU: S 

tewi4Mx.2>: ij&s-c*0>-c\ (001) Eft 

*HfcSK4M««ft»«l*:**5 - £ 5 e 
[0126] S (4. 30 0 nm^T-Cfc 

30 S^i:^Itl<, #£L<I41 5 Onm^T, <fc9#* 
L< 141 0 Onm^T, * <bt-^t L < (4 7 5 nmJ^T, St 
t>»^L< 14 5 Onm^LT-CfeSo Mtw*3V^TflSnfcS* 
R«ft»tt*»Sfc«>K:tt, MRmftWK»&WMcB!E 

tdS"C#5. 3*R«ftWK* 5 »i" 
40 tiS-C#4<4S. L3&»L435 s b, *»WCtt» iSp p pS 

<o»^b»»«^4^lR*fflv^-cv^5fci?), 

(^*3V^Tfc5^7-f y h*fiffi-Ctt4<Ko9H4S^-C 

£ C $ * -5 fc » »43SRmft^K^»v MS 5 2 5 «fcV\ U 
*»L, aiRWttttfefift^^ftiJH^^BBllt^lRfiF 
LT»ai-6fc«), /P$(4S{&Tt>2nm (5*&^5» , 
»4 U< t4 5nm(4^K4:*x.bix5o 
[0 12 7] 3IRmftWK*a5«r±iai:H]««wAFMJc: 
iOaa^Lfci*. S*g^5 0 0 0nmT*^Rzt4, # 
50 *L<I41 Onm^LT, J: 9 »* L< »4 5nm£iT"t?*>5 0 
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U< (4 9 5 %^±Oi«t-C$SLt^5 I i I 
[0 12 8] Vf-y*'^ * 

mi ssafio^att^^y^^Jfc-fe^*^©*^ 

LS I ttiffcfc&ffl-rSC&JfiS-C**. mft^^ 

[0 12 9] E&afcfr 
**9!G>Bt«aS«e«U AFM^STM (j|giF^^ 

8fcR«tti-E»*ff 3#ftW:* Appl. Phys. Le 

tt. 68. 2358 (1996)ldE«§*tTl*S. E&t-KLT 

[0 130] 4*5, ::<0£5ftEftW£#fea s aWI£ft 
£*»W<B««3fttttt* E«S£i*fcttMS«#*Kfc 

fc£ 6 *3RWT»tt, IWb«bWmtt»«*T»««i:L"C 
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[0 13 1] AFM^STMte, JDK-?- V^V©j>»IBSr 
*fc, S*»«ft|±»ttR«aaa*10 0nsElT 

70 [0132] Mifflstt*mtt»«p»ribfras 

[0 13 3] H 7 ^+«»a6« 1 Wt, Xffl*^P3fl« 
Krtfe*tfc*Sfflf l atr*U roXfflHaWctt, 

*59x CfD^E— * sfcionEHESix, St£2£r*:<7>oi 
rt^Ee£*5r£#T#5J:5teftoTV^ D ±E* 

20 [0134] ^*SS 1 14, BMbtt* 7 *:« 

P8t4, ±E*/^3<7>iECT;£l-S2S£*vrv^ e r. 
ft*. *^3©*bt!:T*fJ:tt. S r m&UXfozm 

50 [0 13 5] 4i\ ±E*^^Jw*«Sr-fey h-TSc X 
ffiicte, WSi (10 0) ®t?fe*4>co, #&L< 
teS i iMSii«:/Bv^. r<OJ:5ftiS«^*Bn 

\c s ttEbfc^Mawt, TJftaiiRftifi^fiiti-fct^* 

[0 13 6] ro«at*»Tftt, *SKft*^b**«tt» 
Bt«r;*:ffifllS«, 0cn*£U:©ESIS:J*oXtR 
-bic«fl:i-5r fcsfts-cts. ewe* 9* EMb«i*W& 
WKSr^ri-^B-T-^M^^ERiltfrS:, tfcjfefcJt^T 

aft-CScffiftto^ + Swtis-c^s. ft*5, 

[0 13 7] 3HK«rKffl^"CiOJ»U* S rteXX* 

Rut BWbtt^^ fc tr*«*Blw«IM-* r i J: 9 , 
»{ b*W«tt»R fcJBfiK t T v > < e 
[0138] JPSRta«tt, 8 0 0-llOOt, »tt 
50 < (4 850-105 Ot, »C9 0 0- 1 0 0 Ottt 
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[0139] ±f2&{ktt#*£L-m, mm, 

IB^ttK*. NO2, 7^#>^&it^£fl!v N; £>^ b&x* 

[0 14 0] *i% KSsK^^-CittlRftt-JtfflHrtSrW 
S=Eifi^(-*3tt5felg^^^IE(i, lO-»-l O-'Torr 

■CV>50-e, Xa«0>fS*A^tf>»#l41 0" 4 "-l 0" 6 

(4, #*L< 1*2-5 0cc/#, J; "9#£L< 145-2 
5cc/#-0*>*o »*^^0*a«KS*tt, 20 

[0141] m^tf-A^T^LT^ 
3*. *Kfc«|&i-5. AKXSn, #£L<I40. 0 
5-1. OOnm/s, <fc 9 L < 14 0 . 100-0. 5 
0 0nm/s-efo5c d£IKiSa3ft531i-frstrtII!tiS*«:-3t 

[0 14 2] SROSMUtt, ±aLfci5t-S r/Ru 30 
= 0. 9 4f*3fi<0»a»C*5V^T. SISittirfcfc: 

ri«-*fc«>tcW\ JK»«3&>fo««i-* Sri:Rui:Ol 
■T-W:*E{sr/Ro) £^L*:i:£, #&L<I4 
E(Sr/Ru) = 0. 75 — 0. 95 

E(Sr/Ru) = 0. 7 5 — 0. 9 3 

E(Sr/Ru) = 0. 80 — 0. 90 

ii"5o H8ic, *3BW#b«5SIS^«tS. E(sr/Ru) 40 

JBS^itFcsr/Ru) i<oBB«S:*i". B8^p>, Etsr/Ru) 
3&*0. 7 5 — 0. 9 S^flSBH^*^"^ E(Sr/Ru)CO^ 
<bM*t L F ( S r / R u ) 0>tfe#ttjfl*£ < *t<C V ^ i: # *> 

jO^^o w<^^^^F(Sr/Ru) 

SROWBi:**. SROI4, K3£LT#* 

14, »»4Ru, RuOx, *>5VM4«*«KS(cft^a 
**l4^Ru. RuO»36SS««®-eSIR3BL, S«± 50 
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ictt^n HIKfi<OSROJ»Bt»4d s flfc*1"5r 

fc*:u E(sr/Ru)ds*#-rar5t, 

Ru«:+»^«tJ&+5wi:d$HJii:*9, I^Sr/ 

r u ©m:**** < 4 9 + gxn&Htom^^ p^*^ 

*\ E(Sr/Ru)36S/h*i-#*6fc, R*<OS r/Ru^tt 

[0 14 3] £Jl±MLfcJ:5i:, s r*5 *tfR u «:« 

«9, RuOig^FJ£(D/ < Ct^SROJ^S$rStS±t-ieS^ 
»Jcdt*Sii:5wtds-c#5o roi:t<7)SRO»lt 
(D^JtS r /Ru(4#J0. 94Tfc^ C OtttiKftie 

tt% 5>^-U^<yu(C)SirfflttS:#-f 5SRO«fi»ffll«:»5S 

S ROf»KdS#bixS*«fe"C*5. 
[0144] ARffiStf* l 0cm 2 gSEA_LT?S>5»S\ 
ffil 2 ^©S««>*ffiJcricHli"5 t # t-*4, 

SIR©lsHg»:f41 0rpra©L±-C*>5rt^a*LV^ \b\ 

«OE<B*(OJiBr4»lc4v^, «Wf4Jtffl««*>«* 
±12 Orpmfift* *5o 
[0145] iMb**«ttl»«©»a*ft«)l«B 

[0 14 6] £ bi-s ro^&lC^TMB E^©£ffl 
[0 14 7] MHHaflc^MStt^jfe 

[0 14 8] Tifc*£l, *IB»IUl*3j:tfSfcR«ftWfl!<o 
«J5fc*ttJ4*MclBffiSixT, S i g^±l-^K^^»- 

(^<tv^^^ &*L<\mmm. mz % i 9 

8 5 0-g\ »JK¥7-2 4 0 6 0 7*, ^Sl^ 8 - 1 8 

6 6 2 5%-m\zffi^£ftx^^mm&$:m\<^zki)W 

[0 14 9] 
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[0 15 0] »*«ffioaUR^-«^*3^S*B5«afi«i, 

Kg£5*§£^ JR^a****^^ SEW*** 

/l^ OSB^jgO^iffi^ h /KZ>** 2 £ a , b t "T S 
ma, nb©**SOi«*^«it36S*Cfc»^ 

[0 15 1] SiIffi±i:MS^^^^^'>t^ 
j5fcft£-fr5;fc«>l;:W\ S i a«<tB0>*iSa s fffi"tN 
OS iSSXiE^, *©*S*«anMB«r, /&*£ii:5g£ 

1 x liSftOT, &{b4^^£^fc 0 **^'W£^£ 

[0 1 5 2] L35»U »#^SixfcS i (10 0) OS 
*K Si (111) 7 X 7*fcli2X 8«i£ 

[0153] rtife^w^bsn^s i 

(7 0 0TO1) "CI*. Jfffi*o«e^, i: 

<^«-fb**tRiE**5wL, tics i a>mj8LZfi 
Lf:^or, K{b»SW«o«rtJc|RLrii, Stettin* 

[0 15 4] ZCDXoKZtfrb, SiViBASSic, 

[0155] r.<o*«fe-eii, *1\ *ffi*s»»<b*nfc: 

#«Kfbtt#**ffl^*Ui<fc^*^ ^m£ffl^*Ck<fc 
^ 0 S iBMbMitt* S«*ffiS:HIBM, ^Sfe&£3&»& 
^Si-^^cfecotjO-CfoSo S iBMbttJi 
0. 2-1 0nmfi«*1-SC£a $ #*LV\, i?£a s 0. 
2nm5fcr^T-ife5i:, S i *E<0«*6 S3 F^£*ttS. ± 
pg£ 1 Onmi: L*:3lEi3li, &&-t*3o 
[0 1 5 6] ±mm\t, 3 0 0-7 0 0TOUfc 

o-i o»ma««»urfT5. ^(Dt%, 
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s iWb«WI^«<ft9-*"«rrU*5. 
[0157] »{btt^«>WAii, WjfcrttMbtt*** 

LTIBIi«:JHV^»A* «ffl«rt*S1SD 1X10^1 
x l 0- 4 TorrS*©*S(cL, »*^^o*AJ-J: 0 > 
* fc»Efi«©*Bft*0>»ili#JBEa s 1 x l 0" 4 
-1X1 0" 1 Torres <fc 5 t-LTft5^£a s #£ L 

io [0 15 8] ±fsifi«. Kffl*-caifR-t-S. S«*® 

05 i&AttS i BHMWiKJ: 9{ft»$;h,T^5<B-e, 
aS^t?*>5«{b*SII4:KJSUTS i casjgjSSixS 
4ifo«ifedS55feLftv^. JDf&i&gte, 6 0 0-120 
Ot, ^C7 00-1 1 0 Otit6-t35 s »*U\ 

6 o o*C*S|-c*>* s i *igf 0 SfiS®i- lxil 
5gis»bix*v\ nooUixih SiSMkWJl 
td £ 5 S i < 0 . Si ¥&#b 

[0 15 91RW Z T&£Tfmit&tf*i>\ Zr, 
20 #±«7£* (Sc*5irfY«r*tf) *3J:WBMbtt^ 

mTM-VMAl.it S i BMb*»*:3B7cL, ^tS-t 

X % *fcllZr, #±JB5c**5J:U t IW»wJ;0. 1X1 

[0 1 6 0] *®#tigl*, RHEEDi:J:5««)/^- 

1 x l <o*B«3S<0»g\ m^A^f^]^ [110] 
-CH9 (a) ^i"J:5*l»HJWC10^ft^by 
30 -^/^-yi:^^ AWA'IpI*: Cl-1 0] 

tt, fciitf (1 0 0) x 2£fcte2 x l -C 

$>2>t>\ 1 x 2 t 2 x i £#»SEL"CV^Sffi«jSi:4 
-So r<a«fc RHEED(D/^->lt « 

*-*«>Alt#l« [110] [l-io] 0>vvf*i 

*fc(ii35*-C, E!9 (b) tc^-Tct 5 ftiffiF««lc 
li:2«)S»C2i:S:»o/^-y|:45. 1X1©* 
ffi«3fttC*3V>TH:, ±ERHEEDO^-^W, 
AW^rft* 5 [110] io<tt/ [1-10] 2 

[0161] ft*5. Si (100) ?»#*®t> 1X1* 

ttfc 0 L^L, 1 x l *^i-*W45FM«-Cfc9, 
tc^m^<J: < 1 x i $r s i C 4: li, m^T* 

ii^^IfefoSc 1X2, 2xi, l x l ^-ftLOflHS 

^Tfcott, s i jdj^BttXffi*. iK«a-e»ftS 
ix^<, #(^aa^^(c-&*ix5R<b7K*tRiSt 
tS i CAS«dc*ttT, StRSffioftfidsaix-^-fvs 
[0 16 2] Zr, *fc(4Z r*3itJ c *±a5£*tt, - 
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34 



%<Dmm&0. 3~1 Onm, 4$lC3~7nmS£i:fc*>± 

Sr. sit. 6£<b4fc&3l-etf>«*&fi£ v ^. 

rc>k*&S* J 0. 3nm*8§T?l4, S i BMM&©iS7G©3fi* 

ttoixi«g-e4<45iii s fc*. ±iasi®Hb 

1 Onm&iga-Si. ±B©* 3 L-Ct>S i 

[0 16 3] »fM*#*iLTK**:fflV'>2>»-&li, 2 
JKS*©*** * 

[0 16 4] 4»m»BHO?gfiR 
•f-ClClfS^V- 9 3 0 2 4#»CS3V>T**Ufc*&t? 

[0 16 5] ilSoWtfcfcotli, Si\ »*R*ffli 
*£fi-fb©fc»tw4 0 0 c CeA-ht?fe5-i* ! ^* L '<- 7 

5 o t cw±ffc^«iSS*i-«^fcK* s ^^* 1 '> 

14, 1 3 0 0'CSS _ C&5o 

0. 05-1. OOnm/s, £9#£L<I40. 100~ 

o. 5oonm/sti-5. ^.mmmam-t^it^mmm 

[0 16 7] **5. S 
[4 ±BELfcSMb»*tt«»^#©*£ fc|l!1 * fi " Tffc 
[0 16 8] SMk^ 3::1 ?**3MS©±fc#±*Bfc 

«©itfi*^lt, lMlii?/u=i = ****■!©»* 
KJ&&$ftfc£#l-Z r ©{ft*S£f£itU *±£7G*fc 



}|W©»rtefMT-»-ii«* v *. 

[0 16 9] T*fe»M 

^|ffl#K±i-T*»Kt LtBaTi Os 6 

[0 17 0] ?m*Kj£fltft. Jl«M8itfflMIStt#*» 
^ASri&ttfra 5 ^ B a jsit/T i SrStEaiffiJwttlS^" 
*. #*&fil4. Ba : T i = l : 1 i *S £ 5 - 

©B a/T i#*S£ifci*x B a T i OsKWEftttt-^ 
S^rSl^ro BaTiOsffiS, 4>IB»K (Zri-.R.O 

2-6) *s.£tfs i (ioo) SKofcfctrttBK**. 

34Lfc»*U^H*. i"4bt>» BaTiOs (0 0 
1) //Z ri-xR»02-6 (0 0 1) //S i (10 0), 
i>oBaTi03 [100] //Zri-«R«02-5 [10 
0] //Si [0 10] ift6J:5K:i-6fc»fcl4» Ba 
T i OiJ*lWfc*tt 8 0 0-1 3 00 

$f*L<l49 0 0~1 2 0 0*C* J M* 
j*k«BH»Ba/Ti«lfc*Jttt. 1~0,#£U<I4 

i~o. 8 fci-5r.t*sa*uvs i-fcfc>t>, Bfcft^JW 

KI4T iaHK-j-6ii:j8*ff*UV\ Ba/Ti 
»»&»tta«0-C*>*fcl*, fi£*lD»l('ttT i ©*■©«*& 

tfcottivci^t. f 

|ffl*ilk©IB^*KtMM t &&» g# B ttWLtL4 
5„ »Dl8iiaS* 5 <g;i'#*fc»', j*«4D»©Bb/t 

ali!J*Ittti-6'(0 0 1) E«TI**< (H0)E 
fllfctt***. (0 0 1) EflBaTiOiKfc 

(110) E[RligBl* s ?l^L't^*5o JilififlJJHfcli. 
ftijs&SixfcB a iiTiroSft-^'^^^^tSlS 
Lt\ Itt©Efa«r*F-*-3BaT i 03iS5»&*Uw< 
V\ j***J»fcT iiMlfc-t-*©l4» B a = 
= ->Ak©KJ&£j£tt ; £>fc*'?*>5,, rrrv^ 
jftJMDttkli. BPM*lni»*«T-e*>*«Hrt-e*> 

[0 17 1] Tlfi?IBBe*^®*W53t«s Klbtttf*© 

fl|jl&£©»-& , kffi«'T?*>2>. 
[0 17 2] ^rafcK-^TifeSBlro-tfeJ&JS^ifctt* -t 

©icffa-c*>6. ±fa*fc^-*3v^-cMBE«^lSrfflv^-c 



[0173] %mm.#w& 
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[0 17 4] r»#rtJ^fcSafc1-Sfc*>*-<>^'b* II 
cr-Cli, PbT i Oal-Z r Sr^Lfc*afi£-cfe5P 

[0 1 7 5) CO*fr»«i*»«H*» *1**» 9 * 
PbOSHMteU IB2*38»i 0£T i Ox&SSSSi: 
U »3**»l l*ZrJll53BWtLfcli*»r±, 1Mb* 

[0176] «8aK36W£ VXmbVo (P b O) 

^jUtc P b Srffl V * 5 1 L,-C£ffi*B6fctt* UK: < 
l^s, P bO«rfflv5t#*^ 5 iS*5^b-Cfo9. T 

5, T i OxOtftoflfcT i &fflVVfc4B£\ T i (4P b 
OiO tS-fkSti-^i-vfc*, PbOtiT i liK*«r» 

[0 17 7] 433, T i OxHUSttSxtt, *f*L< l± 
1Sx<1. 9. iO»*L<l*ia!x<l. 8. £ C> 
tC#*L<lil. 51x^1. 75,#Kl#4L<t4 
1. 66SxSl. 75-CfoS. ^HTiO.li 

*3ME« s »5>n*. r*tfc:»LT i Oztt, f»**A'* 

[0 17 8] *i\ ±E*^^lwS4S*-fey h-t*5. £ 

*MR * *VC v N 2> *> ® * « vs 5 - 
[0179] «R*r*ffl«f?ai]|fcU PbO, T 

i Oxfc.fctfZ ri. IMfctt;tf*fc*«R*Bfc***" 

[ 0 1 8 0 ] flDf&it&tt, 5 00~700t, 
0-6 5 Q-C fti^.t»»*^\ 5 0 0t:*J«-C*> 

s t , ief B ttroissv^mfr»is* 3 »e>ixi- < ^. 70 
[oisi] ±eanfctt#*i: t-ctt, «*. 

AW***, NO!, ?i^*/m*««rfflv>5i4:«»t» 

[0 18 2] ::•<?«, ECR»3tS«IC±5 7i?*^SE 
ISt Sr ffl V I- ^TBi W * = 

[0 18 3] SS'K>^iffittWI-KS1frt*r**L* 



9) *BI? ii-2 6 2 9 6 

#*£H£fflftK:l8i&W«w#*£-rS. *«jfiW«-JS»S 
ttJR^En:. 1 0" 3 ~1 0- 1 TorrmS-Cfc2>r 
LV\, «*»ffi©±R*l O-'TorrfcLfc©!*. 

a>3BE»aiflE«r— jeic«-3fc*-C*>*. KffllfKIMttt* 

#141 0" 4 ~1 0- B Torrg£aMfi*^E2llwfto-t^6. 
&fc<tt#*<DtlW&*l4, #*L<»i2~5 Occ/£\ J: 
!)$r*L< 145-2 5cc/#-Cfc3. SHfctt#*«&a 

•C*3<. 

[0184] ##s^ssii. w^-if-AV-eanRu-c** 

fi£BI5£S»4, #*L<f40. 0 
20 5-1. OOnm/s, J: 9 L < (4 0 . 1 00-0. 5 

o onm/s-efos. *BBi*^3ii-#6i*Ka**-* 

[0 18 5] T i Ox*5.i:tfZ r 14, W»Ufc»ff±» 

gffUfin, L*»L, P bO(4^^E* J K | '^"P* a ^ 
30 SISM^tlt ifflfiK-fix*S' , <e<, t9WS*fc2v* 

BHi»e>*L-cw.ev\ w©»«*»t?tt, ^topbo© 

bi (Ti+Zr) tWS^itPb/ (Ti+Zr) Sr 
E[Pb/(Ti*Zr)] t L, Jtrott^S^S^Rtt^WK 

tpODPbi: (Ti+Zr) trojjS^-tfcPb/ (Ti+Z 
r) «rF[Pb/(Ti*zr)jitfci:#, CixbwH**. 

EtPb/(Ti*Zr)]/'FtPb/(TiWr)]= 1. 5 — 3. 5, 

40 »* L < (4 

E[Pb/(Ti*Zr)]/F[Pb/(Ti-Zr)3= 1. 7 — 2. 5, 

,t"3»*L<l4 

E[Pb/(Ti*Zr)]/F[Pb/(Ti*Zr)]= 1. 9~ 2. 3 

ifcSfcro-efc*. jgW^Pbofe5v>i4'<o^^*-i' 
^*ig{cijia*ii*i^'iv^p b oi-immmmx-nmm^. 

Stg±lc(4'<niy^*^ hfliacPZTMKlt****-*" 

SCil-'iS. E[Pb/(Ti*2r)j/F[Pb/(TI-Zr)]* s 'hS 

-f #'5 i . P b *+£KHKtt-i-6 ^ ^ 

9, H=fi»Pb/ (Ti+Zr) C75tt^* s <6< * 9 i" ^* 
50 -CiSfitt©SV^oy^*'f h«jtt*fe'5fV\ — 



-19- 



37 

EtPb/(Ti%Zr)]/F[Pb/(Ti*Zr)] t , fig^ 3 

<DPb/ (Ti+Zr) OJt**5*# < t£ V-t€X* ^< 

[0 18 6] JK±RWLfcJ:5fc* PbO^itfT i O 

Pb<Di@?F£<7>#WSt£* h hU 

op z T»*3&sss±i:a at^tticflcftt s. wco^ 

[0 18 7] fiKKBSWl 0cm 2 a«£Jl±r*>6»'&, 

SaTlJi^W^MWl^^c rot*. 
SKOiaiBSklil 0rpmfiJL±l?*>5r i35sa*UV^. Is] 

±12 OrpmSStfcS. 
[0 18 8] £X_b, MR«*SHKo«fi£*ftcoi¥iBl*K 

[0 18 9] SfetJL, ro*ttJw*3V^TMBESSll«:ffl 
[0 19 0] «±TttPZTaWSr*rit-rS*ffitcoV^ 

b i tBfK«ffij&s»;i>fctf>i^ wn*"eiBfiic«j»3fl5^+^ 

T-hotztf, rro*ftfci#V>TPbO|SfMi*:B i2 0a 
V^c Bi*<Z)»frfc, B i #»^J£*< 

[0 19 1 l.**WOK«5Sfr-Ctt, »B«#»K36 S , 
[0 1 9 2] 



(20) »HJ¥ 11-26296 

55 

[0 19 3] Uttflll 

(10 0) ffifc/^J:5fc««LT*B5»F*Lfc 

[0 19 4] JCffiWrtl-K«*ixfclHl<Ei3J:t5JrojR«* 

O- 6 Torr*t»tttt«*v^tcJ:0SMElLfc«. X 

OrpmTEUsS*, »*SrXffft3filry X/^fe 2 See 
/^OfiJ^T^ALoo. 6 0 0tCMlfc„ 
J:?)X«*B^!RK{b**x, X««Hfc*Sttinm*>S 

[0 19 5] &v>-e, SS&9 o O'CtCffllJRU, KbKs^F 

2 5cc/#©M<&T?»AU Hftf2X«±tw&: 
JRZ r Z r 02©!B»fc:»JtL 

T5nmt&5£ 5I-«&U 1 x l (D^B«i££{t;*L£ 
20 S i *ffi«ygX««r»fc. 

[0196] S felll, X«*&S£ 9 0 OIC, XffiE«E& 
Sr2 0rpm£U J 2 5cc/#G0#J 

*t«MfcttllT, S i ^E&SXtKStEl-t&SZ r 
SrJR»W36»fe«*M-5wfclcJ:9, g$10ninOZrO 

[0197] ftV^ Z r 02R«r?gjaUfcXS4rlS» 
Mttt, B a T i 03iBt«r*fiKUfc. ^*XSli, 
9 0 OtJlcJnJRU 2 Orpm-CEMESitrfc. 

30 ±n&*B a iAIT i t Sr^UBWA^feJK*** 5 w i 
KJ;!K BaTi03lSrMl/t 0 /SWWJHI-f** T 
i Kit ft T i 02KOflCSI^*LX 0. 5nmt*5J: 
5lw«»U jSHSi«*:0. 0 5nm/s£LTB 

aT i03Bto*Sl-*WLT2nmi45J:5JwT i *5 
■fctfB a «rtt»U &V^"C* /£K5£££0. 2nm/slc± 
If, ff* 1 5nm<DB a T i OaJKi: U Si (100)/Zr02 (00 
1)(l0nm)/BaTi03 (001)3:fcr^#^^«5fi«:«rff»U 

[0 19 8] ^03itr#^^^/wfll3tff4ra5# 
40 XffiirLT, SROiWtMtfcp ftttttKli, * 
-fs X«*r9 5 OTClcMRU 2 Orpm-ClHie^iirfCo 

X«±|CS r*3itfRuSr*ix-PJxoaE*aR^6>SS 
^twi >9, f$10 OnmOSROSK*^ 
Lfco »i3BWA»fe<0«|&li, Sr : RuO^yUJt^i : 
l. l 5itt5J:5«-«J»U4dSbffofc. i-4*?*>, 

E(Sr/Ru) = 0. 8 7 

[0 19 9] ±ESRO»«OifiriE (JiR^tt;) ***x 

50 m#mz£vm^tckz*>. 
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F<Sr/Ru) = 0. 9 3 5 

[0 2 0 0] ±faSRO*K^XH[H]^5 L ^-h£ISl 
OtC, RHEEDlSlg*^, Hi lt-^i"e r^SR 
OaWR"Ctt (00L) R|*0>tf-**:ttJ&SB«>5>ft* * 
it, SRO (0 0 2) S^t^cr y*ls?iJ— yro^HM 
ttl. 2° -CfcD, V-iaiRl36*ott*tt<Oifi5l^«-C*>S 
^fc3W*»T#fc 0 RHEED^J:5»BiaB5«> 

[0201] ±ia s r onm^mam^m^. Lfc*s*, 

4. 0 8X10- 4 fl*cmT'fcof; 0 1^ IteSRO 

5, 0. 3 9 6 6nmT#>ofc 0 

[0 2 0 2] ±ESRO«KfCOUvt-AFM«:/B^T« 
SttSrEJ^fco H4tC % :OSRO|I»AFM^ 

JIS B 0610l;i<fc 5 R z 
L: 5 0 0 0nm) Lfc i: r. ?^TMnm, 

T*6nm, */KC2nnu 8 0 %«±T5nm£TF 

*5, JfcROfcfcK:, F(Sr/Ru)3ftS0. 9 0 0T*fc£SR 
OS^(OAFM«l>Srl§i3(C, F{Sr/Ru) 1 . 2 3 5 "C 
&SSRO*»OAFMtfc*rBI5^i-. i6(OTt^ 
^— yHcS-JV^TH3'^H5S:JtifiC-t"5i:, Sr/Ru 
#0. 9 3 5<D£#(c, f®^toi:t¥ffil:^5I i: 

[0 2 0 3] ±BSRO*R*«lSLfc^tr**" 

i\ S$££6 0 O^tcJnf&U 2 Orpm-eieie$*fc« 

^^SJ^SAL, aiE±«wPbO, T i Ox (x = 
1. 6 7) ifccfctfZ r Sr-ttt^Jx^tRJgWs&^SRJBS-fr 

/Co JR5B«3&»fe<0*»tt, P bO : Z r : T i OxCO^E- 
/Hfcj&S2 : 0. 6:0. 4 fc5 J: 5 KfMWLfca* M? 

E[Pb/(Ti+Zr)) = 2 . 0 
t Lfco 

[0 2 0 4] rOPZTBtWjafiR (JR^it) &*#X|ft 

Pb/ (Ti+Zr) — 1 . 0 0, 
Z r/T i = 1 . 5 0 3 

F[Pb/(T i+Zr) ] = 1 . 0 0 

kteZ><DX\ 

E[Pb/(Ti + Zr)]/F[Pb/(Ti+Zr)] = 2. 0 0 

[0 2 0 5] I^IS0PZT^U^^0 6 0 Otl^ 



(21) #M¥l 1 -2 6 2 9 6 

»t 5 (aF) 1*0. 4 0 9 OnmTfcD* — 

p z Ti^Ti-ffSts s r osagco 6 o or; wstt 5 

(as) li±tSLfcJ:5fc0. 3 9 6 6nm4tf> 
1 < aF/as^ 1 . 0 4 

^r^J£L"CV>5r fclCfcS. RHEED^JztfXilllHltff 
Sfi±t-»fiELfe»«t7>i-^TdS (0 0 1) SB 

PZT (0 0 2) SWOPy^ry^-^0*tt«tt 

10 1. 2° -e*>9, KiftfittoK-CfcSridSttB-e* 
fc. Hl2tC. »S 1 0 OnmOPZTKSrKttfc^tf* 
^^^^«3t*©Xl»IslSr^--t— hSr^i-, (2 0 0) 

[0 2 0 6] Mt^PZTliCO^T, xm®tfT\Z 
*5H5 (0 0 1) B^tt^bcWfD&^gc (c®F*S] 
RK) «:#«>*:. PZTK<Dff£fc cBWJHli: 

oHffiSr^-T. Hll3tc{i N SSiE^OPZTOffiRIBI, 
i"*fc*>, IOP Z TgtP-M^)P Z T^/^ttW 
20 SMffi (0. 4 0 6 3nm) t^LTfe5 0 

[0 207] hi 3 3&»fo, pz rm<Dcm*s 3 0 

nnu 5 0nnu 1 0 0 nmtf)-f ^TMsi^C P Z T^A-^ # 

*9 fc#irc*3?K mmi>m< *5ia*fc 

[0 2 0 8] rft&OSWKKo^TAFMSrfflV^CfcB 
tt*:Bk<, ^ibtcJIS B 0610(c<£ 5+*i5p*9a* R z 
(*»**L : 5 0 0 Onm) $ri^Uc^r5, W 
30 5nm, S*T*7nm s ft/.M*2rinu WJfejBBT© 8 0 %£U: 
*t?5nmfiLT-e*>0, tf*bfc¥Stt**LT^3:: 

[0 2 0 9] roj: ^^LTWfeixfc*^^^^-^^ 
«iftffOPZTlK*ffi^, y y^77>f-&i: 

fcffll^TiSS 5 O^m^A 1 «tt*»fiRU SRO»l 

:5MIS:M5£Lfc. PZTB[<Z>ffSASl 0 Onm 

5 Onm0>fc0>T?l* 2 0 ^C/cm 2 , ff$ 3 0 nm£> fc©"C(i 
40 2 4 iiC/cn^Tffcofco 

[0210] ^roj***^ pzTKas»<fc*tawa 

[0211] ^S6^J2 
50 (ciPjRU, 2 0rpm-ClEHB**fc. *UT. ECR.K* 
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Sa»fe7^#/^**#**rl Occ/#<B»fr-e*AU 
SS-hl-PbO, T i Ox (x = l. 67) *5j:U<Z r 
*Zti?fr<nmKUfrbMft£TtZ>^b\^&*) , J¥S 3 
0nm^PZTJK*5<i;tfJf:£ 1 0 0 nm<0 P Z TJ^£Jgf£ L 
fc. SK36«J&»feG>flW&f** P bO : Z r : T i OxO* 
/Ht#2 : 0. 2 5:0. 7 5 4 4 5 «fc 9 t-ftJffi> L4>& s 

MTofc Q 

E[Pb/(Ti+Zr)] = 2. 0 

4L/c e 

[0 2 12] rOPZTROififiK (IB^-M:) ££#Xjgg 

Pb/ (T i + Z r) =1. 00, 
Z r/T i =0. 3 3 0 

F[Pb/(Ti+Zr)] — 1 . 0 0 

E[Pb/(Ti+Zr)]/'F[Pb/(Ti+Zr)] = 2. 0 0 

[0 2 13] :©fttf©PZTWft©6 0 0tl:*3 
tt*tt-7-3t» Uf) W:0. 40 18nmTfe*3, 
PZTR^Tfc#&i"5SRO?MR0>6 0 O'CMiSltS 
ft^Pfcft (as) J*±lBLfc* 5K0. 3 9 6 6nm4£> 

1 < aF/as^ 1.04 

£«£LTl>5r RHEEDSo^tfXj&SlElfJr 
OigJP:, (1 0 0) EiP]EW:ttHU-CS1\ Sffi±l-M 
L^WB^^Ta* (00 1) Kfa<D^fcT**>'*/l'Bt 
tfes: 4#?M$ixfc. 4*5, PZT (0 0 2) E*t 
On — ^©¥«B»i, 1. 2 C tfc!), fttir 

6ttOK-CfcSw4 3& s *»-C#^io IIS10 
0nm©PZTK*KJt^tr^a^^^/P«jg(*:^*5ttS 
PZT (0 0 2) iS«©Xl*|ElifT^*— K*r^i\ (2 

oo) efaffittttastt-r, K^>r ^£c-^4^r 

[0 2 14] Mlt#PZT^HoV^, X»0»H;i 
33 It 5 (0 0 1) BSM^bctt^ftf^ (c®P3 
ffi) *r**fc 0 PZTR©c(W, 3 0nmtf)t>OT* 
ISO. 4 1 4 Onnu ff£ 1 0 0nm<Dt>co-C(i0. 413 

8nnrCfcofc. r tib<OP Z TK4 Piadt-efco-C, & 

£*<z>pzT©cisiHiflL raajsico/^^* 

OcffiBBHSttO. 4 l 34nm-e*>5d»b, v^-fixOPZ 

JXT, a*ll3&5«^ctt^#U t fc^^:*^^LTV^S 0 
[0 2 15] rJx&OfcKlCOV^TAFM&ffl^TMff 

tt*H^ SblcJIS B 0610(cJ:5+^spiSa$R2 
(S^S^L : 5 0 0 Onm) Lfcfc r 5, ¥*STC 

5 nm, **"C7nm, */ht?2nnu aySBBr^ 8 0 



(22) ^1 1 - 2 6 2 9 6 

[0 2 16] ;^J:^:U#bnt#3i^^'>t^ 
*il*OPZTl([*ffili, SKSrfe4 y y^7^><-fe4 
Srffl^TESS 0 MmtDA 1 «S«r«fi!iU SROiK 

ftm&mfelslt. Z<D^Ms PZTK©flf$365l OOnm 
T«)6«ia*TttaB»«365 4 8 /iC/cm 2 T-fc'9, ff* 
3 0nm©fc<D-CW:5 5 // C/cm 2 ClSLTto r^ffiti, r 

jo hx-mmmx-hz ii^ns. 

[0 2 17] COJB*^b, PZT«i5*< 45tS4*J* 
R^tcPZTjgtcSS^n^-^TcIE^^^ti^b, 

[0 2 18] 4*5, ±|B#SBfc«-efP«UfcBWHtff 

[0 2 1 9] 

*»WX?I*, S i 3£«±K:*5V^C, ¥fi 

&mm%. v*>t >«ja«r4e>4v^ toon *-eiri 

Tft#4fc<o44S. 
30 [0 2 2 0] **E0>K«ififm, -ta>«*ifc3*R«ft 

JMHrviK *WP», OEIC, IBiHK 

»4if(c:iS«-r5- 4^T*#5c «M-, MFMI s«ifi 

[0 2 2 1 ] **W^»5t*SSfett, *Bi44tt*tt4«c 

«f^*«=-e, iE^2>r>'^±^^:®ffl^^7torHB C3 D 

S i lSllc, ±IBIWb**«ttJiBI33j:t;±ESJlRm 

imi] &Bm# (p b t i oa) &5gjs*4 

[B2] (a) , (b) *5<fctf (c) it, ¥*£SSS4 
50 &<D-fti (^xy^vh) 3&sffftLfc»-&tc:*5(t*»BI 
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(23) 



ftffl¥>l 1 -2 6 2 9 6 



43 

[0 3] SUKSr^-rHffiftffl^K-efcoT, SROiH 
O^itSr/Ru [F<sr/Ru>] tSROiiOfi 
ttir^BBWi^i-W^W^Rttft (A FM) &Tfe5 e 

ii4] mm^-trnm-tm^M^h^x, sroii 

commits r/Ru [Fcsr/Ru)] &SROSMt<D*E 

[B5] »«4r^Blffiftffl^JfX?fcoT, SROil 
(BJHiPJfcS r/Ru [F(Sr/Ru)] irSROSl^S 

[ID 6] j»M*^i-Blffl«:ffl^K-T?*>oT, B3-B5 
Jd*i-AFM«JC*5JtS SROSi^ffi^^t^ 

[B7l *3BMJc*5V^T, »K<o**^fflv^fenSJ!R# 

[H 8] &««*»6>0M&S*L5S r tRuOJW^f-it [E 
(Sr/Ru)] S ROS^E^S r /R 

u [F<sr/Ru>] 4:«?BB«S:^i"^7 7"e*)So 

[B9] (a) ttlX10$iB*aORHEED/^- 

^*^-**5*;ia"efc0 , a) 112x1, ix2$>5v> 

(irft&as«ftLTi*£»^ORHEED>** — 

[BIO] Si(100)/Zr02 (001)(10nm)/BaTi03 (00l)(15n 
m)/SRO(100nm)^i£<DXigU3#r^-r — hTfcSo 
[in] tt*1IIJIc4:*i-HB«:fflW-e*o-C, Sid 



44 



00)/Zr02 (001) (10nm)/BaTi03 (001) (15nm) «5S± (c»fiR 
Lfc S R O3Sffi?0>R H E ED^^-ytfc <5 e «-?-J»a> 
AW*FRltt, Si [110] zfrft-CfeSo 

[il2] S i (1 00) /Zr02 (001 ) (1 Onm) /BaT i 0a (001 ) (1 5n 
m) /SRO (1 OOnm) /PZT (1 OOnm) flligo X ffimk 7 -r - h "C $> 

So 

[Hi 3] Si(100)/Zr02 (001)(lOnm)/BaTi03 (001)(15n 
m) /SRO (001) (100nnO£fiJiK?gJ*LfcP Z TKfcoi* 

70 [§14] Si(100)/Zr02 (001)(l0nm)/BaTi03 (001)(15n 
m) /SRO (1 OOnm) /PZT (1 OOnm) &m<D X ftft|E]&f ^ -V-ftfo 
5o 

1 ftttttK 

1 a S£W 

2 Xtf 

3 

4 [§]&$* 

5 ^E— * 
20 6 t— ^ 

9 mi 

1 O $R2ffi%ffi 

1 1 %$3M¥&U 



[11] 



[H7] 




-6 -2 0 
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(24) 



1 - 2 6 2 9 6 



IIS 2] 



J&ftft- 



jftftM 

*s ZZZZZZZZ 



*** 
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[@8] 




[@3] 



(25) 



1-26 29 6 



10 U m 



[13 4] 




F(sr/ Ru )= 0-935 



10 U m 



[15] 



F (Sr/Ru) ~ 1 ' 235 
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(27) 



WRspi 1 -2 6 2 9 6 



mi 0] 



SHO(OOl) 



BaTiOi(OOl) 



±1 



SRO(002) 



Bfl7!0i(0D2) 



ZrDiCOOS) 

I 



i I— 



09. 00 



00 



3a oo 



40.00 ' 60.00 60-00 

26 (deg; Cuka 



[Hi 1] 



(28) 



«M«3]il 1 -2 6 2 9 6 



II 2] 



PZTtOOO 



15 



J 



SROCD01) 



pzrcooz) 



30 



SRO(002) 



40 



50 



J 



60 69 



2e(dftgJ CuK a 



[013] 



W20 



0.415 - 




:PzrjKJJ$(nm) 
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(29) 



II 4] 



ftmW-l 1 -2 6 2 9 6 




7oy h^<— \/<DWL% 



(51) Int. CI - 6 OTJIB-^ FI 

HOI L 21/8242 HO 1 L 27/10 6 5 1 

27/14 27/14 Z 

21/8247 K 

29/788 29/78 3 7 1 

29/792 41/08 L 

37/02 Q 

41/09 v 
41/083 
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